The bio-based economy is a concept associated with the development of renewable resources management in a modern society, related to biomass, but also to the biogenic fraction of society's generated wastes (Navia and Mohanty, 2012) . About 170b t per year of biomass are produced by nature, of which only 3.5% (6b t) are utilised by mankind. Most of these 6b t are used for food, about one-third is for energy, paper, furniture and construction, and only 0.175% (300m t) are consumed for other non-food purposes, such as chemicals and clothing (Shen et al., 2009) . Simultaneously, modern bio-refineries are understood as the synergistic processes that enable the whole use and valorisation of biomass. The concept behind sustainable and circular use of biomass, by implementing novel biomass bio-refinery processes, first focuses on high-value-added products and extraction of marketable chemicals, followed by biomaterials development and finally including the bio-energetic use of the residual biomass (Navia and Chamy, 2017) .
Contemporary consumerism does not appear to be an economic behaviour able to address the challenges related to increasing world population and large and fast-growing economies such as in China and India. In fact, as reported by Morone and Navia (2016) , a major effect of these two trends will be a higher demand for food, manufactured goods and energy sources, adding pressure to the world economic system and the environment. Overarching these issues are the threat of climate change and the mounting concern to manage sustainably the increasing amounts of waste produced worldwide. A transition from the current ecologically untenable modes of consumption and production towards new and more sustainable models seems a desirable and much needed objective, passing from a linear take-produce-consume-discard material flow system to a circular and regenerative model. Therefore, zero waste bio-refineries could play a central role in paving the way for transition to a more sustainable economic system that uses resources in a more efficient and diverse way, diminishing the overall generation of wastes and facilitating the recovery of unavoidable discards as the source of resources for the production of new products.
The methodological approach
Faster than waste production and population growth is data generation. To analyse a large amount of information, the use of tools and techniques are necessary to examine and visualise it. One of the ways to do so is via bibliometric networks. Co-occurrence or co-word networks of keywords, words in the title or abstract are often used to map the dynamic of science and technology, as it offers insights into underlying structures and patterns. It helps to reveal emerging technologies, changes on nomenclature and even researchers' perceptions on definitions (van Eck and Waltman, 2014) . In the case of this editorial, we created a cooccurrence network of keywords extracted from researched literature. Three distinct visualisations were used to analyse the data. not shown) . Notoriously, the documents are mainly related to the technology of bio-refinery and its application to energy and production of chemicals and biofuels. Searching for the most important countries performing research and development in the field of bio-refineries, the United States is the leader country in number of publications, with over 1600 documents, nearly four times more than in China, which holds second place. Brazil, which has the second largest production on biofuels in the world, and fourth in pulp production, is the only country in South America among the 10 countries with more publishing items in the field. Considering co-occurrence of keywords, it is possible to see the most related terms associated to bio-refineries, including bioethanol, lignocellulosic biomass, biomass and biofuel. This analysis also reveals the existence of six major groups of publications, namely process design, pulp and paper processes, catalytic enzymes, fermentation and bio-products, biotechnological process, and thermochemical process.
The term 'zero waste bio-refinery' returned a relatively low number of publications at this time (only 18 returns). Nonetheless, it is possible that the term has become trendy in the last few Editorial years, since it first appeared in 2006. Although the United States is the leading country in the publishing of bio-refinery related articles, it has not yet appeared in the list of articles that use the term 'zero-waste bio-refineries'.
To show the case of industries movements towards zero-waste bio-refineries, one example from leading industries of pulp and paper in Brazil is described, starting from classical products operation to more high-added-value ones in their new business models.
The example of Brazilian pulp and paper sector
As of today, most of the world's production of bleached hardwood Kraft pulp (BHKP) is being produced in low-wage countries, that is to say Brazil, Indonesia, Chile and Uruguay. Thus, there are increasing concerns about price depression owing to a global oversupply of BHKP. The official target was to substitute long fibres, which enjoy higher market prices. Indeed, this has to be the case for fluff, which up to November 2015 was only produced from long fibres. Envisioning this market potential, Suzano Company started the production of 100,000 t per year of Eucafluff; fluff made with eucalyptus pulp. There is now a strong movement to substitute fluff from long fibres that command higher prices. Klabin Company has also addressed the fluff market, but that is done with long fibres from pine; a softwood. Brazil imported 282,000 t of the product in 2014, mostly from the Southern USA. With its new 400,000 t per year production capacity, Klabin will have to turn to the external market to find customers for the over-production. This company starts at this market already being the fourth largest producer.
Suzano has a clearly defined strategy to expand into an adjacent business, which includes Eucafluff, biorefinery, and other products, such as the production of jumbo rolls for tissue paper. Accordingly, Suzano is building Latin America's first industrial lignin extraction plant with a production of 20,000 t per year, starting in 2017.
Fibria Celulose S.A., for instance, is looking into bio-oil. Recently they have announced a substantial investment in the construction of a pyrolysis plant to produce power for in-plant use consuming plant wastes as a fuel. According to Fibria, bio-oil could present competitive prices. Fibria has also shown interest in the lignin market. In 2015, they have bought the earlier bankrupted Lignol Energy Corporation and stressed the importance of Lignol's patents and Lignol's high-quality lignin as a complement for the Kraft lignin they can produce from black liquor. Nonetheless, they have not yet announced intentions of building a plant.
Although there has been a lot of investment by the public and private sector that led to the advancements of zero waste biorefineries in the Brazilian pulp and paper sector, there is still a gap in the development of partnerships between the industry and research institutes. A study led by the Centre for Strategic Studies and Management (Centro de gestão e estudos estratégicos) has argued that reducing this gap is essential to promote innovation, and recommended the creation of a private not-for-profit research institute dedicated to study bio-refinery solutions to this sector (Centro de gestão e estudos estratégicos, 2016).
Waste Management & Research serves as a forum for exchanging research expertise and scientific ideas supporting the development and application of zero waste bio-refineries. To this end, Waste Management & Research invites researchers to submit manuscripts that focus on technologies for enhancing the volume and quality of residual biomass as a raw material for both bio-energetic purposes and higher-value-added materials and chemicals.
